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Previewsdelivery of cadherins to cell junctions in
human cells.
In cultured human cells, Guichard and
colleagues found that LT or ET each
blocked the formation of large Sec15-
positive vesicles, suggesting that the
toxins interfere with exocyst-mediated
trafficking to the plasma membrane.
Although both toxins perturbed Sec15
localization, only ET inhibited the accu-
mulation of Rab11-positive vesicles.
These findings suggest that at least one
of the ways that ET impairs the exocyst
is by affecting Rab11 localization. In
contrast, LT inhibits Sec15 by acting
downstream of Rab11. Importantly, the
effects of ET and LT on Sec15 localization
coincided with a depletion of cadherins at
cell junctions. In addition, ET caused
increased permeability of cultured endo-
thelial cells. Altogether, the results sug-
gest that ET and LT can compromise
endothelial cell function by interfering
with Sec15, thereby blocking exocytic
delivery of cadherins to cell junctions.
The results from this study raise several
interesting questions. First, are the effects
of EF and LF on the Rab11-regulated644 Developmental Cell 19, November 16, 20exocyst due to the known activities of
these toxins in antagonizing MAPKK iso-
forms and/or activating cAMP-dependent
signaling? This question could be ad-
dressed by using catalytically inactive
toxin mutants (Tonello and Montecucco,
2009; Shen et al., 2005), chemical inhibi-
tors of these toxins (Tonello and Monte-
cucco, 2009; Shen et al., 2004), and
chemical inhibitors of the MAPK pathway
(Warfel et al., 2005). Second, if pharmaco-
logical inhibition of the MAPK pathway
is not found to mirror the effects of LF
on the Rab11-controlled exocyst, then
do novel LF substrates exist? Could
Drosophila be used to identify these
substrates, perhaps by searching for
mutations that suppress an LF-induced
Notch phenotype? Finally, could Notch
and its ligands be physiological targets
of anthrax toxins in human endothelial
cells? If so, what aspects of endothelial
cell function are affected through toxin-
mediated perturbation of the Notch
pathway? Future studies in Drosophila
seem likely to provide additional novel
insights into the biological activities of
anthrax toxins.10 ª2010 Elsevier Inc.REFERENCES
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Recent work in animals and plants suggests that reactive oxygen species (ROS) control cell proliferation.
Reporting in Cell, Tsukagoshi et al. (2010) identify UPBEAT1 as a key transcription factor in the regulation
of ROS distribution, which they find controls the transition between cell proliferation and differentiation in
the Arabidopsis root.Reactive oxygen species (ROS) have
been implicated in many physiological
processes in plants and animals, includ-
ing cell signaling and pathogen defense
responses. Recent work in animal model
systems has highlighted a role for ROS
control of cell proliferation (Theopold,
2009). In Drosophila, for example, ROS
prime hematopoietic progenitors for dif-ferentiation (Owusu-Ansah and Banerjee,
2009). In the model plant Arabidopsis
thaliana, two of themain ROS, superoxide
(O2
d) and hydrogen peroxide (H2O2),
exhibit distinct patterns of distribution in
root tissues (Dunand et al., 2007). O2
d
and H2O2 mainly accumulate in dividing
and expanding cells in the meristem and
elongation zones, respectively, and over-lap within the ‘‘transition zone’’ (Figure 1).
Other studies have described how redox
regulation plays an important role in main-
taining plant cell proliferation (Vernoux
et al., 2000). However, regulators con-
trolling ROS gradients and cell differentia-
tion remain to be identified in animals or
plants. In a recent issue of Cell, Tsuka-
goshi et al. (2010) report that the balance
Figure 1. ROS Gradients in the Arabidopsis thaliana Root Are Regulated by UPBEAT1
The root of the model plant Arabidopsis thaliana is composed of cells that first divide and then expand and
differentiate in spatially distinct meristem and elongation zones, respectively. These cellular processes
overlap within the ‘‘transition zone.’’ A gradient of reactive active oxygen species (ROS) O2d
 (red) and
H2O2 (blue) in the Arabidopsis root controls the transition between cell proliferation and differentiation.
The UPBEAT1 transcription factor (UPB1) represses expression of peroxidases, altering the gradient of
ROS, which also feedback-regulates UPB1 expression (denoted by ‘‘T’’-shaped arrows). The left-hand
side of the root shows the spatial distribution of the pUPB1::GFP transcriptional reporter (green), whereas
the right-hand side represents the distribution of the pUPB1::UPB1-GFP fusion protein (green). Their
distinct patterns suggest that the UPB1 mRNA and/or protein moves from the lateral root cap and/or
vascular tissues to cells throughout the elongation zone.
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d andH2O2 controls the tran-
sition between root cell proliferation and
differentiation and identify a transcription
factor called UPBEAT1 (UPB1) that regu-
lates ROS distribution.
UPB1 is a member of the basic/helix-
loop-helix (bHLH) transcription factor
family that was identified on the basis of
its increased expression in the root transi-
tion zone (Tsukagoshi et al., 2010). Plants
lacking UPB1 (upb1) have longer roots
due to an increase in both meristem size
and root cell length, whereas plants
overexpressing UPB1 have shorter roots
with reduced meristem size and smaller
mature cells. To understand the mecha-
nism of action, the authors identified
which genes UPB1 regulated. Direct tar-
gets repressed by UPB1 included three
peroxidase genes. Examination of the
localization of ROS revealed that H2O2
was reduced in the elongation zone of
upb1 mutant roots and increased in the
UPB1 overexpression line. In contrast,
O2
d increased in the elongation zone in
upb1 mutant and was reduced in plants
overexpressing UPB1. These results led
the authors to propose that the position
of the transition zone is determined by
the coincidence of the gradients formed
by H2O2 in the elongation zone (required
for differentiation) and byO2
d in themeri-
stem (to maintain cellular proliferation).
UPB1 plays a key role regulating this
balance through its control of peroxidase
expression while it is itself subject to feed-
back regulation by H2O2 (Figure 1).
UPB1 represents amajor transcriptional
regulator. The authors’ data suggest that it
directly regulates at least one, and indi-
rectly regulates at least 14 other, bHLH
genes (1 induced and 13 repressed;
Tsukagoshi et al., 2010). Other target
genes repressed by UPB1 include at least
20 of the 29 known or predicted class III
peroxidases in the Arabidopsis root. In
addition, UPB1 represses all root ex-
pressed respiratory burst oxidases
(involved in radical production) and the
dominant root expressed catalase and
glutathione peroxidase genes (required
for radical inactivation). Interestingly,
UPB1 also represses several categories
of classical cell expansion-associated
genes known to be highly expressed in
the root elongation zone. These include
80% of the vacuolar and plasma mem-
brane aquaporins, more than 50% of
the arabinogalactan proteins, 66% ofovember 16, 2010 ª2010 Elsevier Inc. 645
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hydrolases, 57% of the expansins, and
more than 80% of the hydroxyproline-
rich glycoproteins. Such gene targets
may help explain why the upb1 mutant
exhibits increased root cell length.
Tsukagoshi et al. (2010) also reported
that UPB1 exhibits a non-cell-autono-
mous expression pattern. Although the
UPB1 gene is transcribed in lateral root
cap (LRC) cells (that border the root meri-
stem) and vascular tissues in elongation
zone tissues (Figure 1), the UPB1 protein
is detected in cells throughout every tran-
sition and elongation zone tissue (Fig-
ure 1). Hence, the UPB1 mRNA and/or
protein must move between cell types in
order to populate these root tissues and
zones. However, the functional impor-
tance of the non-cell-autonomous
pattern of UPB1 expression is currently
unclear. Several mechanisms appear
possible. For example, does the end of
the UPB1 expression domain in the LRC
demarcate the point for the protein to
enter transition zone cells and alter ROS
gradients by modifying peroxidase
expression (Figure 1)? This may explain
the strong correlation between the end
of the LRC and the start of the transition
zone (Willemsen et al., 2008). Alterna-
tively, UPB1 could move from vascular
tissues into outer root layers, akin to
another non-cell-autonomous root regu-
lator called SHORTROOT (Nakajima646 Developmental Cell 19, November 16, 20et al., 2001). Regardless of the exact
mechanism, it remains currently unclear
which of its expression domains is impor-
tant for UPB1 function. Transgenic
studies targeting UPB1 expression either
in LRC or transition zone vascular tissues
of the upb1 mutant would resolve this
question and provide more insight into
the functional relevance of the non-cell-
autonomous expression pattern.
Hormone signals such as auxin have
also been described to regulate root meri-
stem and cell size (Beemster and Baskin,
2000). Tantalizingly, the UPB1 spatial
expression pattern (Figure 1) mimics the
shootward pathway of auxin transport
via the LRC and transition/elongation
zone tissues in the root apex (Swarup
et al., 2005). However, Tsukagoshi et al.
(2010) report that UPB1 transcription is
controlled independently of auxin or cyto-
kinin, another hormonal regulator of root
growth (Dello Ioio et al., 2008). Neverthe-
less, it remains possible that these path-
ways could interact at a posttranscrip-
tional level given that many bHLH-type
transcription factors function as dimers.
Indeed, heterodimerization with other
bHLH proteins may provide a mechanism
for UPB1 and hormone signaling compo-
nents to control common target genes.
Although these and many other ques-
tions are raised by this work from Tsuka-
goshi et al. (2010), there is much to feel
upbeat about! This study provides an10 ª2010 Elsevier Inc.elegant mechanism for how gradients of
ROS control the transition from cell pro-
liferation to differentiation and provides
the first insight into the gene regulatory
network linking these signals and devel-
opmental programs.REFERENCES
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